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Design Challenge Overview 
/9[9w9 ƛǎ ŀƴ ŜŘǳŎŀǘƛƻƴŀƭ ǇǊƻƎǊŀƳ ŀǘ b!{!Ωǎ DƭŜƴƴ wŜǎŜŀǊŎƘ /ŜƴǘŜǊ όDw/ύ ŜƴŀōƭƛƴƎ ǎǘǳŘŜƴǘǎ ǘƻ 
participate in microgravity research on capillary action related to that conducted on the 
International Space Station (ISS).  The students create their own experiments using Computer-
Aided Design (CAD) with a provided template and LibreCAD software, which can be downloaded 
for free from https://librecad.org/. Experiment proposals, which consist primarily of a single CAD 
drawing, are submitted to NASA.  The test cells are then manufactured using the drawings and a 
computer-ŎƻƴǘǊƻƭƭŜŘ ƭŀǎŜǊ ŎǳǘǘŜǊΦ  9ŀŎƘ ŜȄǇŜǊƛƳŜƴǘ ƛǎ ŎƻƴŘǳŎǘŜŘ ƛƴ b!{!Ωǎ 5ǊƻǇ ¢ower 
(https://www1.grc.nasa.gov/facilities/drop/), where it will fall 30 meters (100 feet) and experience 
2.2 seconds of apparent near weightlessness, i.e., microgravity.  Video and still images from each 
drop are provided online for student analysis and the reporting of results, for example in a science 
fair or class presentation.  The example image shows a 2013 experiment (from Columbus, GA) 
during the middle of the drop, where the scalloped channel wall has slowed the upward motion of 
ǘƘŜ ƻƛƭ όǊŜƭŀǘƛǾŜ ǘƻ ǘƘŜ ƻƛƭΩǎ Ƴƻǘƛƻƴ ƛƴ ǘƘŜ ǎǘǊŀƛƎƘǘ-walled channel). 
 
CELERE enables students to participate in research related to space station science and learn about 
computer technology (e.g., CAD), both of which can inspire the pursuit of STEM careers - where 
STEM stands for Science, Technology, Engineering, and Mathematics.  Boy Scouts could use the 
CAD drawing toward completion of the Drafting merit badge.  And selection in a nation-wide NASA 
design challenge is an accomplishment worth noting on college applications! 
 
 

https://www1.grc.nasa.gov/space/education-outreach/drop-tower-competition/past-drop-tower-challenges-and-competitions/celere/
https://www1.grc.nasa.gov/space/education-outreach/drop-tower-competition/past-drop-tower-challenges-and-competitions/celere/
https://librecad.org/
https://www1.grc.nasa.gov/facilities/drop/
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Capillary Action 
NASA is very interested in capillary action because of its importance in liquid systems on spacecraft.  On Earth, liquids 
naturally flow downward because of gravity and equipment is designed and built to take advantage of that natural process.  
For example, cars draw gasoline from the bottom of the fuel tank.  But in microgravity, liquids naturally flow because of 
capillary action making it important for propellant, water processing, thermal control systems ς as well as in some 
materials processing. 
 
Capillary action happens when the molecules of a liquid (like water) are more attracted to a surface than to each other. In 
paper towels, the molecules move along tiny fibers. In plants (like celery), they move upward through narrow tubes called 
capillaries.  For more basic information about capillary action, see for example: 

 http://water.usgs.gov/edu/capillaryaction.html 
 http://web.mit.edu/nnf/education/wettability/index1.html 
 http://hyperphysics.phy-astr.gsu.edu/hbase/surten2.html#c4 

 
Capillary action can be difficult to observe on Earth because of gravity, except in small capillaries.  But while experiments 
fall in a drop tower, where there seems to be almost no gravity, capillary effects are easy to see and study.  
 

Drop Tower 
Lƴ b!{!Ωǎ 5ǊƻǇ ¢ƻǿŜǊΣ ȅƻǳǊ ŜȄǇŜǊƛƳŜƴǘ ǿƛƭƭ ōŜ ŘǊƻǇǇŜŘ Řƻǿƴ ŀ ǘŀƭƭ ǎƘŀŦǘ ŀƴŘ ǿƘƛƭŜ ƛǘ ƛǎ ŦŀƭƭƛƴƎΣ 
it will behave as if there is nearly no gravity ς of course neglecting the fall!  Gravity will still be 
present, but our sensation of gravity and weight comes from a resistance to its pull, for example 
because of the floor holding us up.  But while freely falling, we feel weightless and that is the 
basis for many amusement park rides.  This works because of the surprising situation where all 
objects fall at the same acceleration unless acted upon by another force.  As one result, the 
astronauts and the International Space Station fall together (around the Earth) such that the 
astronauts float within the space station.  This happens even though the space station is so close 
to the Earth that gravity there (in a low-Earth orbit) is only about 10% less than that on the 
ǇƭŀƴŜǘΩǎ ǎǳǊŦŀŎŜΦ  ²ƘƛƭŜ ǘƘƛǎ ƛǎ ǎǇŀŎŜ ǎŎƛŜƴŎŜΣ ǘƘŜ ŎƻƴŎŜǇǘ ƻŦ ŀǇǇŀǊŜƴǘ ƴŜŀǊ ǿŜƛƎƘǘƭŜǎǎƴŜǎǎ 
through free fall, i.e., microgravity, was put to practical use in the late 1700s when shot towers 
were first built to produce superior shot for hunting.  In those towers, droplets of liquid lead 
became spherical because of the surface tension resulting from the liǉǳƛŘΩǎ ŀǘǘǊŀŎǘƛƻƴ ǘƻ ƛǘǎŜƭŦΦ  
You can learn more about microgravity at: 
 http://www.nasa.gov/centers/glenn/shuttlestation/station/microgex.html 
 http://www.nasa.gov/audience/foreducators/microgravity/home/index.html 
 

Glenn Research Center (GRC)  
A hub for ingenuity and innovation, the Glenn Research Center, located in Cleveland Ohio, designs and develops innovative 
ǘŜŎƘƴƻƭƻƎƛŜǎ ǘƘŀǘ ŀŘǾŀƴŎŜ b!{!Ωǎ ƳƛǎǎƛƻƴǎΦ ¢ƘŜ Dw/ Ƙŀǎ ǿƻǊƭŘ Ŏƭŀǎǎ ŦŀŎƛƭƛǘƛŜǎ ƻƴ ǘƘŜƛǊ ǘǿƻ ŎŀƳǇǳǎŜǎ ƛƴŎƭǳŘƛƴƎ ǿƛƴŘ 
tunnels, drop towers, vacuum chambers, a research aircraft hangar and facilities that simulate various space 
environments. A highly skilled workforce of over 3,000 scientists, engineers, technicians, administrative and support staff 
work on researching and testing new technologies in six areas of expertise.  
 

 Aircraft Propulsion  
 Communications Technology and Development  
 Space Propulsion and Cryogenic Fluids Management  
 Power, Energy Storage, and Conversion  
 Materials and Structures for Extreme Environments  
 Physical Sciences and Biomedical Technologies 

 

Source: Portland State 
University  

http://water.usgs.gov/edu/capillaryaction.html
http://web.mit.edu/nnf/education/wettability/index1.html
http://hyperphysics.phy-astr.gsu.edu/hbase/surten2.html#c4
http://www.nasa.gov/centers/glenn/shuttlestation/station/microgex.html
http://www.nasa.gov/audience/foreducators/microgravity/home/index.html
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Now you can design your own microgravity experiment and investigate capillary action just like GRC Researchers and the 
astronauts.  Begin by visiting the CELERE web site at CELERE - ISS Research Design Challenge | Glenn Research Center | 
NASA and reading this handbook.   

Many astronauts have participated in microgravity studies of capillary action, including for example the following for CFE: Joe Acaba, Clay Anderson, 
Dan Burbank, Chris Cassidy, Cady Coleman, Tracy Caldwell Dyson, Mike Fincke, Kevin Ford, Mike Fossum, Mike Hopkins, Scott Kelly, Mike Lopez-
Alegria, Bill McArthur, Tom Marshburn, Karen Nyberg, Don Pettit, Shannon Walker, Peggy Whitson, Jeff Williams, and Sunita Williams (shown above 
operating CFE on the space station).  

 

Eligibility 
The design challenge is for youth in grades 8-12, who may participate as individuals or in teams of any size.  Teams may 
also include younger students as long as there is at least one team member in grades 8-12, where this option can facilitate 
the participation of informal science clubs, Scouts, etc.  Youth are free to get help from adults, for example in creating 
their CAD drawing.  But this program is for youth. 
 
The program is limited to youth from the United States, but citizenship is not required.  More specifically, CELERE is open 
to all fifty states, the District of Columbia, Puerto Rico, American Samoa, Guam, the Northern Mariana Islands, the U.S. 
Virgin Islands, and all DODEA schools, i.e., schools of the U.S. Department of Defense Education Activity for the children 
of U.S. military personnel. 
 
Whether as an individual participant or team member, a student may be associated with at most a single CELERE proposal.  
Furthermore, a maximum of 7 experiment proposals may be submitted by a single school or organization for the challenge. 
All proposals and communication with NASA personnel must be conducted in English. 
 

Selection 
Since the initiation of this design challenge, 100% of the entries received were selected for fabrication and testing in 
microgravity.  However, this was often done after team revision of the CAD drawings because they failed to meet the 
design requirements specified in this document. Please know that the tentative plan is to reject such submissions, i.e., 
which violate the design requirementsΣ ǘƻ ǊŜŘǳŎŜ b!{!Ωǎ ǿƻǊƪƭƻŀŘ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǘƘŜ ŎƘŀƭƭŜƴƎŜΦ  ¢ƘŜ /9[9w9 ŘƛǊŜŎǘƻǊΣ 
Mr. Dennis Stocker, is now busy guiding testing on the International Space Station for the Advanced Combustion via 
Microgravity Experiments (ACME) project, which consists of six experiments.  ACME tests will be conducted on an ongoing 
basis for the next few years, so it is further anticipated that the CELERE design challenge will not be offered in the future.   
¢ƘŜ ŎƘŀƭƭŜƴƎŜ ǇǊƻōƭŜƳ Ƙŀǎ ŎƘŀƴƎŜŘ ŦǊƻƳ ȅŜŀǊ ǘƻ ȅŜŀǊΣ ǿƘŜǊŜ ǘƘŜ нлнм ŎƘŀƭƭŜƴƎŜ ƛǎ έtƭŀƴǘ ²ŀǘŜǊƛƴƎ ƛƴ aƛŎǊƻƎǊŀǾƛǘȅΦέ 
 
 
 
 

Source: NASA 

http://spaceflightsystems.grc.nasa.gov/CELERE/
https://www1.grc.nasa.gov/space/education-outreach/drop-tower-competition/past-drop-tower-challenges-and-competitions/celere/
https://www1.grc.nasa.gov/space/education-outreach/drop-tower-competition/past-drop-tower-challenges-and-competitions/celere/
http://www.dodea.edu/
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Revisions were requested of roughly 50% of the CELERE entries submitted last year, so close attention should be paid to 
the design requirements and common mistakes described in this document.  Failure to do so may easily lead to rejection. 
 
NASA will not check drawings to make sure that they are acceptable prior to the entry deadline, but will answer questions 
ŀōƻǳǘ ǘƘŜ ŘŜǎƛƎƴ ǊŜǉǳƛǊŜƳŜƴǘǎΦ  bƻƴŜǘƘŜƭŜǎǎΣ ƛǘ ƛǎ ǘƘŜ ǎǳōƳƛǘǘƛƴƎ ǘŜŀƳΩǎ ǊŜǎǇƻƴǎƛōƛƭƛǘȅ ǘƻ ǊŜǾƛŜǿ ǘƘƛǎ ŘƻŎǳƳŜƴǘ ŀƴŘ ŜƴǎǳǊŜ 
that the requirements are met. 
 
If the design and submission requirements are met, the odds of selection are quite high, where at least one qualifying 
ŜƴǘǊȅ ƛǎ ƎǳŀǊŀƴǘŜŜŘ ŦƻǊ ŜŀŎƘ ǎǘŀǘŜΣ ŜǘŎΦ ƭƛǎǘŜŘ ǳƴŘŜǊ Ψ9ƭƛƎƛōƛƭƛǘȅΦΩ  ¢Ƙƛǎ ƎǳŀǊŀƴǘŜŜ ƛƴŎƭǳŘŜǎ ǎŜƭŜŎǘƛƻƴ ƻŦ ŀǘ ƭŜŀǎǘ ƻƴŜ ǉǳŀƭƛfying 
entry from an overseas DODEA school.  Selection is also guaranteed for at least one qualifying entry from a Bureau of 
Indian Education (BIE) school.  In past years, i.e., 2013-2018, there have only been participants from 17 states and one 
overseas DODEA school (in Germany), so your entry could easily be the first from your locale. 
 

Conference 
Some CELERE participants - based on their experiment design, data analysis, and written report - will be invited to present 
their results in a student poster session at the annual meeting of the American Society for Gravitational and Space 
Research (ASGSR, www.asgsr.org) on November 3rd-6th 2021.  Limited financial support may be available for invited non-
local teams to travel to Baltimore, Maryland for this purpose.  It is envisioned that up to six teams will be invited to the 
conference, where three are local and three are non-local, e.g., from more than 150 miles away from the conference site. 
 

Cost 
There is no cost to participate in CELERE other than the optional conference travel. 
 

Files & Educational Resources 
Access CELERE files and various educational resources related to microgravity via http://tinyurl.com/SEECmicrogravity. 
 

Key Changes from 2018 
 All CELERE entries must be submitted in English. Any 

communication with NASA regarding CELERE will also be 
conducted in English. 

 The tentative plan is to reject entries which violate the 
design requirements, whereas the 2013-2018 approach 
was to request the teams to revise their CAD drawings to 
correct shortcomings. This will be determined by NASA 
based on the number of total entries, so it is very 
important to make sure your drawing is correct the first 
time! 

 The freely-downloadable LibreCAD software upon which 
the tutorial is based has been and continues to be 
updated. 

 The drawing template has been updated.  Please use the 
2021 drawing template which can be downloaded from: 

CELERE - ISS Research Design Challenge | Glenn 
Research Center | NASA 
http://tinyurl.com/SEECmicrogravity 

 
The other supporting documents - such as this handbook, the tutorial, and entry form - have also been updated. 
 

http://bie.edu/
http://www.asgsr.org/
http://tinyurl.com/SEECmicrogravity
https://www1.grc.nasa.gov/space/education-outreach/drop-tower-competition/past-drop-tower-challenges-and-competitions/celere/
https://www1.grc.nasa.gov/space/education-outreach/drop-tower-competition/past-drop-tower-challenges-and-competitions/celere/
http://tinyurl.com/SEECmicrogravity
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How to Participate 
 

 Preparation and Submission 
o Explore the CELERE website at: https://www1.grc.nasa.gov/space/education-outreach/drop-tower-

competition/past-drop-tower-challenges-and-competitions/celere/. 
o LŦ ȅƻǳ ŀǊŜ ŀ CŀŎŜōƻƻƪ ǳǎŜǊΣ ΨƭƛƪŜΩ ǘƘŜ /9[9w9 ǇŀƎŜ ŀǘ www.facebook.com/NASA.celere. 
o Read this handbook. 
o Learn about capillary action, e.g., through: 

 http://hyperphysics.phy-astr.gsu.edu/hbase/surten2.html#c4 
 http://web.mit.edu/nnf/education/wettability/index1.html 

o Review past experiments through the appendix of this handbook.  
o Download the CELERE 2021 tutorial from https://www1.grc.nasa.gov/space/education-outreach/drop-

tower-competition/past-drop-tower-challenges-and-competitions/celere/. 
o Download the drawing template from https://www1.grc.nasa.gov/space/education-outreach/drop-

tower-competition/past-drop-tower-challenges-and-competitions/celere/.  The use of past templates is 
unacceptable. 

o From https://librecad.org/, download the LibreCAD CAD software and go through the CELERE tutorial.  
You may use other CAD software that works with άŘȄŦέ files, but the tutorial is based on the free LibreCAD 
software. 

o Review the design requirements and common mistakes in this handbook. 
o Develop your research question. 
o Design your test cell so that (1) the results will answer your research question and (2) it is different from 

the past CELERE experiments shown in the appendix. 
o Download the entry form from the CELERE website and fill it out. 
o Verify that all design requirements are fully met or risk rejection! 
o E-mail the drawing file and entry form to celere@lists.nasa.gov (where this step might be done by your 

teacher/advisor) by March 1. 
 

 Testing and Analysis 
o Selected experiments are normally conducted during the month of their submission deadline. 
o When notified, download the results from VIDEO LINK. Note that the video files are not standard, but can 

be viewed using VLC Media Player, which can be freely downloaded from 
http://www.videolan.org/vlc/index.html. 

o Analyze the results by comparing thŜ ŎŀǇƛƭƭŀǊȅ Ƴƻǘƛƻƴ ƛƴ ȅƻǳǊ ǘŜǎǘ ŎŜƭƭΩǎ ŎƘŀƴƴŜƭǎΦ  ¸ƻǳ Ŏŀƴ ŘŜǘŜǊƳƛƴŜ ǘƘŜ 
position of the oil in each channel as a function of time (e.g., knowing that high-speed video includes 60 
frames per second).  The position can be determined in pixels, e.g., using Microsoft Paint, which shows 
the position of the crosshairs in pixels, and then converted later into millimeters. 

o From the position data, average speeds can easily be determined.  
 

 Reporting 
o Prepare a written report about what you learned, and e-mail it by TBD to celere@lists.nasa.gov (where 

the submission might be done by your teacher/advisor).  The report should include discussion of what 
was good about the CELERE design challenge and what needs improvement.  

o If invited, optionally present your results in a student poster session at the meeting of the American 
Society for Gravitational and Space Research (ASGSR, www.asgsr.org) on Nov. 3-6 2021.   

 
 

Limited financial support may be available for non-local teams to travel to Baltimore, Maryland for this 
purpose. 

 

Note that product references do not indicate an endorsement on the part of NASA or the federal government. 

https://www1.grc.nasa.gov/space/education-outreach/drop-tower-competition/past-drop-tower-challenges-and-competitions/celere/
https://www1.grc.nasa.gov/space/education-outreach/drop-tower-competition/past-drop-tower-challenges-and-competitions/celere/
http://www.facebook.com/NASA.celere
http://hyperphysics.phy-astr.gsu.edu/hbase/surten2.html#c4
http://web.mit.edu/nnf/education/wettability/index1.html
https://www1.grc.nasa.gov/space/education-outreach/drop-tower-competition/past-drop-tower-challenges-and-competitions/celere/
https://www1.grc.nasa.gov/space/education-outreach/drop-tower-competition/past-drop-tower-challenges-and-competitions/celere/
https://www1.grc.nasa.gov/space/education-outreach/drop-tower-competition/past-drop-tower-challenges-and-competitions/celere/
https://www1.grc.nasa.gov/space/education-outreach/drop-tower-competition/past-drop-tower-challenges-and-competitions/celere/
https://librecad.org/
mailto:celere@lists.nasa.gov
http://www.videolan.org/vlc/index.html
mailto:celere@lists.nasa.gov
http://www.asgsr.org/
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Experiment Hardware, Testing, and Analysis 

Instructions & comments Screen shots, images, and diagrams 

Computer-Aided Design (CAD) image of a 
sample test cell showing the three layers 
ǎŜǇŀǊŀǘŜŘ ƛƴ ŀƴ άŜȄǇƭƻŘŜŘέ ǾƛŜǿΦ  /9[9w9 
participants design the black middle 
layer which will be sandwiched between 
the clear front and black plates.  Those 
two standard plates have air vents at 
their top. 
 
VERY IMPORTANT!  The channels cut in 
the middle layer must extend from the 
base to the air vents to enable the 
ŎŀǇƛƭƭŀǊȅ ŀŎǘƛƻƴΦ  ¢ƘŜ ƭƛǉǳƛŘ ǿƻƴΩǘ rise if 
όмύ ǘƘŜ ƭƛǉǳƛŘ ŎŀƴΩǘ ŜƴǘŜǊ ǘƘŜ ŎƘŀƴƴŜƭǎ ƻǊ 
όнύ ǘƘŜ ŀƛǊ ŀōƻǾŜ ǘƘŜ ƭƛǉǳƛŘ ŎŀƴΩǘ ŜǎŎŀǇŜΦ 
 
 
 
  

CAD image of the example test cell 
assembled, with the three layers 
together. 
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You will use the free CAD software 
package, LibreCAD, and a provided 
template to design and draw the middle 
layer of your test cell. Your submitted 
drawing will be used to fabricate the 
middle layer.   In this image, the black is 
the template for the middle layer, the 
green shows the air vents in the front and 
back layers, and the red shows the 
channels in which the liquid will rise. 
 
LibreCAD can be freely downloaded for 
Windows, Mac, etc. from: 
https://librecad.org/  

 
Please make sure to use the 2021 
drawing template which is available for 
download from: 
CELERE - ISS Research Design Challenge | 
Glenn Research Center | NASA 

 

 
 

b!{! ǿƛƭƭ Ŏǳǘ ȅƻǳǊ ǘŜŀƳΩǎ ƳƛŘŘƭŜ ƭŀȅŜǊΣ 
with its unique channels, out of black 
acrylic using a computer-controlled laser 
cutter and your CAD drawing.  

 

https://librecad.org/
https://www1.grc.nasa.gov/space/education-outreach/drop-tower-competition/past-drop-tower-challenges-and-competitions/celere/
https://www1.grc.nasa.gov/space/education-outreach/drop-tower-competition/past-drop-tower-challenges-and-competitions/celere/
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NASA will assemble your test cell and 
mount it in a container so that its base is 
within a reservoir of a low-viscosity 
silicone oil.  This oil is attracted to the 
acrylic and will respond quickly during 
the short duration of the drop. 
 
With this approach, the fluid is not an 
acceptable variable in your CELERE 
experiment.  Instead, you will be 
studying the differences in the capillary 
Ƴƻǘƛƻƴ ƛƴ ŜŀŎƘ ƻŦ ȅƻǳǊ ǘŜǎǘ ŎŜƭƭΩǎ 
channels.  In the example test cell shown, 
the effect of curved and sharp corners 
are compared, i.e., in the two zigzag 
channels.  

 
The test cell and reservoir will be placed 
on an experiment rig between a video 
camera and a light source, such that the 
test cell will be back lit.  

 
The experiment rig will be placed inside a 
drag shield at ǘƘŜ ǘƻǇ ƻŦ b!{!Ωǎ 5ǊƻǇ 
Tower.  When everything is ready, the 
drag shield and the experiment rig will be 
dropped and fall for 2.2 seconds during 
which time it will experience apparent 
near weightlessness (i.e., microgravity). 
During the drop, the camera will image 
the capillary rise of the liquid inside the 
channels. 
 

Sample images every 0.3 second. 
 
 

Camera 

Test cell in 

Reservoir 

Light 
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One option for analyzing your results is 
through the ImageJ software, which can 
be freely downloaded at: 
https://imagej.nih.gov/ij/download.html 
 
See overview below for ImageJ analysis. 
 

In this example, an image processing 
software similar to ImageJ is being used 
to track the location of the menisci, i.e., 
liquid-air interface, from frame to frame 
as it rises within the channels.  In this 
image, up is the left and down is to the 
right.  Furthermore, it is the lowest 
(farthest right) point on the meniscus 
surface that is being tracked.   
 
But you can also make position 
measurements with simple software, like 
Microsoft Paint, which continually 
reveals the position of its crosshairs (e.g., 
in the bottom left of the window).  Simply 
load an image, move the crosshairs to 
each desired position and write down 
their values (i.e., by hand).  Repeat to 
track the positions as a function of time.  
 
You can even make measurements 
manually by taping a transparent overlay 
to your computer monitor and marking 
the positions using a permanent marker.  
You can make measurements for 
multiple images (i.e., times) using the 
same transparency by marking each 
position with the image number. 
 
This task can be simplified by only making 
measurements at every tenth frame (for 
example), where that equates to every 
one sixth of a second. 
 

 

 
 
 
 
 
 
 
 
 
 

https://imagej.nih.gov/ij/download.html
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ImageJ overview: 
Tracking of moving particles (micromotors) using FiJi or ImageJ - YouTube 

 

Download and launch ImageJ. The 
following window should appear. 

 
Use a file converter to change the given 
video file to a folder full of TIFF image 
files.  
 
An example file converter is: MP4 to TIFF 
Converter: Free, Secure, Online - 

MConverter  
 
Once the file is processed and 
downloaded you will need to find it in 
ȅƻǳǊ ŦƛƭŜǎ ŀƴŘ ά¦ƴȊƛǇέ ǘƘŜ ŦƻƭŘŜǊΦ  
 
 

 

In ImageJ go to ŦƛƭŜ Ҧ ƛƳǇƻǊǘ Ҧ LƳŀƎŜ 
Sequence  
 
Once there, find the extracted zip file on 
your folder and upload it to ImageJ with 
the default image settings.  
 
aŀƪŜ ǎǳǊŜ ǘƘŀǘ ά{ƻǊǘ bŀƳŜǎ 
bǳƳŜǊƛŎŀƭƭȅέ ƛǎ ŀƭǎƻ ǎŜƭŜŎǘŜŘΦ  

 
 

Now you should have a slideshow of the 
frames from the video loaded into 
ImageJ. You can slide along the track at 
the bottom to see the video progression.  
 

 

https://www.youtube.com/watch?v=TV_goZfukaA
https://www.youtube.com/watch?v=TV_goZfukaA
https://mconverter.eu/convert/mp4/tiff/
https://mconverter.eu/convert/mp4/tiff/
https://mconverter.eu/convert/mp4/tiff/
https://mconverter.eu/convert/mp4/tiff/
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Under Plug-ƛƴǎ ǎŜƭŜŎǘ ά¢ǊŀŎƪƛƴƎ ŀƴŘ ǘƘŜƴ 
άaŀƴǳŀƭ ¢ǊŀŎƪƛƴƎΦέ 
 
If this plug-in is missing, here is the 
website to install it with instructions. 
 
Manual Tracking (nih.gov) 
 
 

 
Input in your desired parameters by 
filling in the information in the red circle.  
 
Time interval is the length of the video 
you imported into ImageJ. 
 
ά·¸ /ŀƭƛōǊŀǘƛƻƴέ ƛǎ ǘƘŜ ǇƛȄŜƭ ǎƛȊŜ ŦǊƻƳ ǘƘŜ 
camera. 
 
 
 
 
 
¢ƘŜƴ /ƭƛŎƪ ƻƴ ά!ŘŘ ǘǊŀŎƪέ 
 
 
 

 

 

https://imagej.nih.gov/ij/plugins/track/track.html
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Click on the menisci as it rises to track the 
location, from frame to frame. ImageJ 
similar to the one in the bottom left 
corner of the image.  

 
Click File and Save to ensure the data is 
saved. It will export as an Excel file which 
can be used for analysis and plotting. 

 
In this example plot, the fluid rise within 
the channels can be seen.  The blue and 
red reveal the rise in the rounded (left) 
and sharp (right) channels, respectively 
(as seen in the images on the previous 
pages).   
 
The results show that the fluid generally 
slowed down at each corner, but more so 
in the sharp cornered channel. Therefore 
the fluid travels farther in the round 
cornered channel. 
 
Detailed analysis such as this is not 
required for CELERE, but all participants 
are required to briefly report on their 
findings. 
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Design Requirements 
These requirements are VERY IMPORTANT because they will be used in selecting experiments for fabrication and testing.  
You risk rejection if you do not closely follow these requirements! 
 
Experiment requirements 
  ¢ƘŜ ŜȄǇŜǊƛƳŜƴǘ Ƴǳǎǘ ƘŀǾŜ ŀ ǊŜǎŜŀǊŎƘ ǉǳŜǎǘƛƻƴ ǘƘŀǘ ƛǎ ǎǇŜŎƛŦƛŎ ǘƻ ǘƘŜ ǘŜǎǘ ŎŜƭƭΩs channels, 
  ǘƘŜ ǊŜǎŜŀǊŎƘ ǉǳŜǎǘƛƻƴ Ƴǳǎǘ ŀŘŘǊŜǎǎ ǘƘŜ ŜŦŦŜŎǘ ƻŦ ǘƘŜ ŎƘŀƴƴŜƭ ǎƘŀǇŜ ŀƴŘκƻǊ ǎƛȊŜ ƻƴ ǘƘŜ ŎŀǇƛƭƭŀǊȅ ŦƭƻǿΣ 
  ǘƘŜ ŜȄǇŜǊƛƳŜƴǘ Ƴǳǎǘ ƛƴŎƭǳŘŜ ƻƴƭȅ ƻƴŜ ǘŜǎǘ ŎŜƭƭ όŀƴŘ ǘƘǳǎ ƻƴƭȅ ƻƴŜ ŘǊŀǿƛƴƎύΣ 
  ǘƘŜ ǘŜǎǘ ŎŜƭƭ Ƴǳǎǘ ƘŀǾŜ ŀǘ ƭŜŀǎǘ н ŎƘŀƴƴŜƭǎΣ  
  ǘƘŜ ŎƘŀƴnels should ideally differ in a single way,  
  ǘƘŜ ǾŀǊƛŀǘƛƻƴ ōŜǘǿŜŜƴ ǘƘŜ ŎƘŀƴƴŜƭǎ Ƴǳǎǘ ŀŘŘǊŜǎǎ ǘƘŜ ǊŜǎŜŀǊŎƘ ǉǳŜǎǘƛƻƴΣ  
  ǘƘŜ ŜȄǇŜǊƛƳŜƴǘ Ƴǳǎǘ ŘƛŦŦŜǊ ŦǊƻƳ ǘƘŜ Ǉŀǎǘ /9[9w9 ŜȄǇŜǊƛƳŜƴǘǎ ŘŜǇƛŎǘŜŘ ƛƴ ǘƘƛǎ ƘŀƴŘōƻƻƪΩǎ ŀǇǇŜƴŘƛȄΣ  
  ǘƘŜ ŘǊŀǿƛƴƎ ŀƴŘ ŜƴǘǊȅ ŦƛƭŜǎ Ƴǳǎt be named as: 

 CELERE_2021_<StateAbbrev>_<OrgAbbrev>_<AdvisorLastName>_<ParticipantAbbrev> 
where the drawing is a dwg file and the entry file is in a pdf or doc format.  Furthermore, sufficient abbreviation is 
required that the file name fits within the dǊŀǿƛƴƎΩǎ ǘŜǎǘ ŎŜƭƭ ƻǳǘƭƛƴŜ ƛƴ ŀ ǎƛƴƎƭŜ ƭƛƴŜΦ 

 
Drawing requirements 
  /ǳǘ ƭƛƴŜǎ Ƴǳǎǘ ōŜ ƛƴ ǘƘŜ /¦¢ ƭŀȅŜǊ όǿƘƛŎƘ ƴƻǊƳŀƭƭȅ ŀǇǇŜŀǊǎ ƛƴ ǊŜŘ ƛƴ LibreCAD), 
  Ŏǳǘ ƭƛƴŜǎ Ƴǳǎǘ ōŜ Ŏƻƴǘƛƴǳƻǳǎ όƛΦŜΦΣ ǿƛǘƘƻǳǘ ƎŀǇǎύΣ 
  Ŏǳǘ ƭƛƴŜǎ Ƴǳǎǘ ōŜƎƛƴ ŀǘ ǘƘŜ ǘŜǎǘ ŎŜƭƭ ōŀǎŜΣ Ǉŀǎǎ into the green-outlined vent zone, and return to the test cell base, 
  Ŏǳǘ ƭƛƴŜǎ Ƴǳǎǘ ƴƻǘ ŎǊƻǎǎ ǘƘŜƳǎŜƭǾŜǎ ƻǊ ŜŀŎƘ ƻǘƘŜǊΣ  
  Ŏǳǘ ƭƛƴŜǎ Ƴǳǎǘ ƴƻǘ ǘƻǳŎƘ ǘƘŜ ōƻǊŘŜǊ ȊƻƴŜ όƳŀǊƪŜŘ ǿƛǘƘ ǘƘŜ ŘƛŀƎƻƴŀƭ ǇŀǘǘŜǊƴύ ƛncluding its inner edge, 
  ŎƘŀƴƴŜƭǎ Ƴǳǎǘ ōŜ ŀǘ ƭŜŀǎǘ о ƳƳ ŀǇŀǊǘΣ  
  ŎƘŀƴƴŜƭǎ Ƴŀȅ ƴƻǘ ƳŜǊƎŜ - ǎƻ ΨƛǎƭŀƴŘǎΩ όƛΦŜΦΣ ƭƻƻǎŜ Ŏǳǘ ǇƛŜŎŜǎ ǳǎŜŘ ƛƴ ǘƘŜ ǘŜǎǘ ŎŜƭƭύ ŀǊŜ ƴƻǘ ŀƭƭƻǿŜŘΣ ŀƴŘ 
  ƴƻǘƘƛƴƎ όƛƴŎƭǳŘƛƴƎ ǘŜȄǘύ Ŏŀƴ ōŜ ƻǳǘǎƛŘŜ ƻŦ ǘƘŜ ōƻǳƴŘŀǊƛŜǎ ƻŦ ǘƘŜ ǘŜǎǘ ŎŜƭƭΦ   
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Discussion  
CƻǊ ǘƘŜ /9[9w9 5ŜǎƛƎƴ /ƘŀƭƭŜƴƎŜΣ ǘƘŜ ǊŜǎŜŀǊŎƘ ǉǳŜǎǘƛƻƴ Ƴǳǎǘ ōŜ ŀōƻǳǘ ǘƘŜ ŜŦŦŜŎǘ ƻŦ ǘƘŜ ŎƘŀƴƴŜƭΩǎ ǎƘŀǇŜ ŀƴŘκƻǊ ǎƛȊŜ ƻƴ 
the capillary flow.  The liquid will not be accepted as a parameter because a low-viscosity and thus fast-acting oil will be 
used for all CELERE experiments.  A research question is required for each CELERE submission, but hypotheses are optional 
and will not be used as the basis for selection.  Research questions are expected to be specific to the experiment.  Generic 
questiƻƴǎ ǎǳŎƘ ŀǎ άƛƴ ǿƘƛŎƘ ŎƘŀƴƴŜƭ ǿƛƭƭ ǘƘŜ ƻƛƭ ǊƛǎŜ Ƴƻǎǘ ǉǳƛŎƪƭȅΚέ ŀǊŜ ƛƴŀǇǇǊƻǇǊƛŀǘŜΦ  !ƴ ŜȄŀƳǇƭŜ ƻŦ ŀ ƎƻƻŘ ǊŜǎŜŀǊŎƘ 
ǉǳŜǎǘƛƻƴ ƛǎ άƛƴ ȊƛƎȊŀƎ ŎƘŀƴƴŜƭǎΣ ǿƛƭƭ ǘƘŜ ƻƛƭ ǊƛǎŜ ƳƻǊŜ ǉǳƛŎƪƭȅ ǿƘŜƴ ǘƘŜ ŎƻǊƴŜǊǎ ŀǊŜ ŎǳǊǾŜŘ ƻǊ ǎƘŀǊǇΚέ 
 
CELERE experiments must have two or more channels because they are conducted with a single test cell.  Therefore, two 
or more channels are required to allow comparison of the resulting behavior.  The other key is that the channels should 
ideally differ from each other in only one way so that the cause of any differences in the capillary action will be obvious.  
LŦ ǘƘŜ ŎƘŀƴƴŜƭǎ ŘƛŦŦŜǊ ƛƴ ǘǿƻ ƻǊ ƳƻǊŜ ǿŀȅǎΣ ǘƘŜƴ ƛǘ ǿƻƴΩǘ ōŜ ŎƭŜŀǊ ǿƘƛŎƘ ŦŀŎǘƻǊ ŎŀǳǎŜŘ ǘƘŜ ǊŜǎǳƭǘƛƴƎ ŘƛŦŦŜǊŜƴŎŜǎ ƛƴ ǘƘŜ 
capillary flow. 
 
Of course, the research question must be answered by successful conduct of the experiment, i.e., with the variation 
between the channels.  For example, if the research question is άƛƴ ȊƛƎȊŀƎ ŎƘŀƴƴŜƭǎΣ ǿƛƭƭ ǘƘŜ ƻƛƭ ǊƛǎŜ ƳƻǊŜ ǉǳƛŎƪƭȅ ǿƘŜƴ ǘƘŜ 
ŎƻǊƴŜǊǎ ŀǊŜ ŎǳǊǾŜŘ ƻǊ ǎƘŀǊǇΚέ, then the experiment must have a zigzag channel with both curved and sharp corners. 
 
Some examples of past experiments which meet the experiment requirements are shown below.  The experiment shown 
on the left is arguably the simplest example, where it clearly examines the effect of the channel width on the capillary 
action.  In the center experiment, the effect of the curvature on the capillary action is explored through a comparison 
ōŜǘǿŜŜƴ ǘƘŜ ƻƛƭΩǎ Ƴƻǘƛƻƴ ƛƴ ŎǳǊǾŜŘ ŀƴŘ ǎǘǊŀƛƎƘǘ ŎƘŀƴƴŜƭǎΦ  aŜŀƴǿƘƛƭŜΣ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘ ǎƘƻǿƴ ƻƴ ǘƘŜ ǊƛƎƘǘ ŜȄǇƭƻres the 
effect of elliptical cavities on the capillary motion. 
 

 
In the previous examples, the comparison is consistently made against a straight vertical channel.  While acceptable and 
appropriate for many experiments, that shape is not required for a good CELERE experiment.  For example, the experiment 
shown subsequently (on the left) has channels which narrow with height.  But the experiment can still clearly reveal the 
effect of the triangular cavities on the capillary phenomena.  Meanwhile, the effect of the cavity shape can be clearly 
explored in the other two experiments shown below. 


